Optical rotatory dispersion and circular dichroism studies reveal that between pH 5 and 7 concanavalin A undergoes a conformational transition which involves a slight loss of fJ-structure but no perturbation of aromatic residues. The dimer-tetramer association of concanavalin A may influence this transition but its contribution is relatively small and difficult to estimate. Near-u.v. circular dichroism spectra reveal conformational differences between intact and fragmented units of the protein.
Introduction
Current interest in the phytohaemagglutinin concanavalin A (con-A) stems from its mitogenic properties (Burger 1971) , its cell binding specificity (Burger and Noonan 1970; Shoham et al. 1970) , its insulin-like activity (Cuatrecasas and Tell 1973) and its general use in fractionating glycoproteins (Lloyd 1970) . These applications are based on the ability of con-A to bind specifically ()(-D-glucopyranosyl, ()(-D-mannopyranosyl and fj-D-fructofuranosyl residues.
A proportion of the monomer units of con-A that have a molecular weight of 27 000 are fragmented or nicked such that three bands corresponding to two fragments and an intact unit are evident on gel electrophoresis in sodium dodecyl sulphate . Between pH 2·0 and 5· 5 (/ = 0'1), con-A exists as a dimer and analysis of results of binding at pH 5· 0 indicates that dimers are composed of two intact or two fragmented units, the proportion of hybrid dimers being negligible (G. H. McKenzie and Sawyer 1973) . Above pH 5· 5 con-A associates in solution to a tetrameric structure (G. H. McKenzie et al. 1972) . Dimers consisting of two intact monomer units preferentially associate to the tetramer species (G. H. McKenzie and Sawyer 1973) .
In this paper, we report a conformational transition that the protein undergoes between pH 5·0 and 7· 0 and we relate this transition to the subunit structure and to the association behaviour of the protein.
Materials and Methods
Con-A was prepared from jack bean meal (Sigma lot l00c-5020) by the method of Agrawal and Goldstein (1967) . The preparation of stock solutions and the adjustment of solutions to the required pH and ionic strength have btlen described previously (G. H. McKenzie et al. 1972) . Optical rotatory dispersion (o.r.d.) measuremtmts were made at 25 ± O· 2°C with a Perkin-Elmer model 141 spectropolarimeter. Circular dichroism (c.d.) measurements were made with a Jasco ORD/UV-5 spectropolarimeter modified to the J-15 configuration. The sensitivity used was 0·002 and the signal to noise ratio at band maxima was never less than 10 : 1. Cells of 5·0 and O· 1 mm path length were used in the near-and far-u.v. regions respectively, and all measurements were made at 21 ± 1°C.
Protein concentrations were between 2 and 3 mg/mI.
Results and Discussion
Con-A solutions were rapidly adjusted from pH 5·0 to pH values between 1·7 and 8·8 (J = 0'1, 25°C) and o.r.d. measured at five wavelengths between 365 and 578 nm. Below pH 4·6 and above 6·6, con-A exhibits time-dependent changes in specific rotation (G. H. McKenzie et al. 1972) . Values of [O(]; . were therefore extrapolated to zero time in these pH regions. However, at extremes of pH ( < 3·0 and > 7 . 5) such extrapolation is uncertain and values must be considered approximate. At all pH values the magnitude of the Moffitt-Yang parameter b o was less than 30 and its pH dependence was small and within experimental error (cf. Zand et al. 1971) . However, as shown in Fig. 1 , the a o parameter undergoes a significant transition in the pH region 5· 0-7 . O. Similar transitions occur with other proteins, notably the bovine ,8-lactoglobulins (Tanford and Taggart 1961; , and Tanford (1961) has developed equations which permit analysis of such effects in terms of ionization-linked changes in protein conformation (0( ~ ,8) .
At any pH value x where the 0( and ,8 conformations coexist in equilibrium, the observable parameter ao,x is related to the weight fraction of ,8 form (f~) as follows:
where ao,« and ao.p are respectively the parameters for the pure 0( and ,8 conformations, regardless of their extents of ionization. In the latter connection, it is noted that the dependence of a o on the average molecular charge of each form is unlikely to be large and that Tanford and Taggart (1961) have shown that the following analysis is relatively insensitive to such dependence. Direct application of equation (1) requires determination of reference values of a o at pH values where the isomerization equilibrium has been shifted to the extreme left or right. Alternatively, equation (1) may be used to form the experimentally determinable ratio
where Xl <X<X2' This is a useful relation if the values of Xl and X2 are chosen such that the equilibria between protein molecules (0( and ,8 forms) and hydrogen ions lie essentially toward the undissociated state at Xl and toward the completely ionized state at X2' In this case, it has been shown (Tanford 1961; Tanford and Taggart 1961) that, if the transition results from the ionization of a single proton,
and if two ionizing groups of identical pK are involved
where K~ and K~ are functions of the pK of the ionizing group(s) and of the relevant isomerization constants. Simulated curves for both the one-proton and the two-proton transitions are depicted in Fig. 1 . It is clear that the experimentally observed transition is asymmetric and does not match completely either curve. Deviation occurs between pH 5 and 6 for the one-proton case (broken line, Fig. 1 ) and between pH 6 and 7 for the two-proton case (solid line, Fig. 1 ). Two factors must be considered with respect to this behaviour. Firstly, we have reported previously (G. H. McKenzie et al. 1972 ) that above pH 5· 5 dimeric con-A associates to a tetrameric structure. In view of the observed effects of intermolecular association on the optical rotation of selfassociating systems (Carpenter 1935; Tomimatsu et al. 1966; Dessen and Pantaloni 1969) , it is possible that the dimer-tetramer association of con-A above pH 5·5 is responsible, at least in part, for the deviation from the two-proton transition shown in Fig. 1 . Secondly, we note that equation (3b) assumes that both ionizable groups have the same pK value. When these values are significantly different, the groups are titrated separately and in the extreme case the transition becomes biphasic. However, a small difference in pK values could lead to the observed deviation of experimental points from the solid line in Fig. 1 . At present the effects of ionization and association cannot be separated, and pK values of participating groups cannot be determined due to the complexity of the transition. The ionization of histidine residues may be involved but the possibility of the titration of anomalous carboxyl groups cannot be ruled out.
The observed shifts in visible o.r.d. between pH 5·0 and 7·0 could arise from the far-u.v. absorption transitions of the peptide bond or from the near-u.v. aromatic Cotton effects which have been observed for con-A (McCubbin et al. 1971) . Fig. 2 shows the far-ultraviolet c.d. spectra of con-A at pH 5· 0 and 7· 0 (I = O· 1) in which the ellipticity of the 222-nm trough increases from -6200 at pH 5·0 to -4600 at pH 7· O. Resolution of these spectra into Gaussian peaks and application of the equations of Moscowitz (1960; see also Schellman and Schellman 1964 ) permits a rough estimate to be made of the contribution of the far-u.v. transition to the specific rotation at wavelengths in the visible region of the spectrum. Even though the c.d. peak at 193 nm (Kay 1970) has been neglected in such calculations (it is further removed and has a narrower band width than the 222-nm trough), the calculations do show that the observed change in ellipticity is of the correct sign and is of sufficient magnitude to account for the observed transition in the visible o.r.d. between pH 5·0 and 7·0. Con-A contains no oc-helix but approximately 50% fj-structure (Kay 1970) . Although the c.d. spectra indicate only a minor decrease in fj-structure on going from pH 5 to 7, we suggest that the transition requires consideration when interpreting X-ray crystallographic data for con-A crystallized at various pH values within this range (Edelman et al. 1972; Hardman and Ainsworth 1972) .
The c.d. bands in the near-u.v. region do not contribute significantly to the visible o.r.d. At pH 5·0, fine structure is evident at 266-268 nm and the main peak at 290 nm has a shoulder at 283 nm (Fig. 3) . At pH 7· 0 there is a slight decrease in ellipticity at 261 nm and a slight increase at 290 nm but these changes are within experimental error. These aromatic transitions could only make a small positive contribution to visible o.r.d. (not greater than 2 % of [IX] ;.) and the minor changes in these transitions could in no way account for the visible o.r.d. behaviour. We therefore conclude that no significant changes occur in the environment of aromatic residues as a consequence of either the ionization-linked conformational changes or of the self-association reaction.
' OOf We now direct attention to the dimer and tetramer species at pH 7· O. These species possess different affinities for carbohydrate (G. H. McKenzie and Sawyer 1973) , an observation which suggests that they may differ in conformation. Nearultraviolet c.d. spectra of con-A dimer and tetramer at pH 7· 0 (Fig. 3) confirm such a conformational difference. The spectrum for the tetramer is displaced to lower ellipticity values, while that for the unfractionated mixture (approximately 1 : 1 wjw of each form) is intermediate between that for dimer and tetramer. These spectra were obtained at relatively high ionic strength (0·3) where the protein is stable. A pronounced time-dependent change in conformation occurs above pH 7·0 and has been documented by Pfiumm et al. (1971) .
It is likely that the conformational differences observed between dimer and tetramer are not a consequence of the self-association per se. Rather, they originate from intrinsic conformational differences between fragmented and intact units, which predominate in dimer and tetramer fractions respectively. We suggest that these conformational differences in con-A, together with the conformational change in the protein between pH 5 and 7, merit attention in the interpretation of experiments concerned with biological actions of the lectin.
